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Abstract
We consider unfavoured light quark/antiquark to D meson fragmentation. We discuss nonper-
turbative effects for small transverse momenta. The asymmetry for D+ and D− production mea-
sured by the LHCb collaboration provides natural constraints on the parton (quark/antiquark)
fragmentation functions. We find that already a fraction of q/q¯ → D fragmentation probability
is sufficient to account for the measured asymmetry. We make predictions for similar asymmetry
for neutral D mesons. Large D-meson production asymmetries are found for large xF which is
related to dominance of light quark/antiquark q/q¯ → D fragmentation over the standard c → D
fragmentation. As a consequence, prompt atmospheric neutrino flux at high neutrino energies
can be much larger than for the conventional c → D fragmentation. The latter can constitute
a sizeable background for the cosmic neutrinos claimed to be observed recently by the IceCube
Observatory. Large rapidity-dependent D+/D− and D0/D¯0 asymmetries are predicted for low
(
√
s = 20 - 100 GeV) energies. The q/q¯ → D fragmentation leads to enhanced production of D
mesons at low energies. At
√
s = 20 GeV the enhancement factor with respect to the conventional
contribution is larger than a factor of five. In the considered picture the large-xF D mesons are
produced dominantly via fragmentation of light quarks/antiquarks. Predictions for fixed target
p +4He collisions relevant for a fixed target LHCb experiment are presented.
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I. INTRODUCTION
It is believed that the D mesons are produced dominantly via c → D fragmenta-
tion. However, asymmetries for D+ and D− production were obtained at lower energies
for pi−-nucleus collisions [1] and Σ−-nucleus collisions [2] and recently at the LHC for
proton-proton collisions [3]. Rather small asymmetries of the order of 1% were found by
the LHCb collaboration [3]. One can believe in such low asymmetries as the CP asym-
metries in decay defined as:
ACP =
Γ(D+)− Γ(D−)
Γ(D+) + Γ(D−)
(1.1)
were found to be extremely small, consistent with zero (see e.g. Refs. [4–6] and references
therein). The LHCb result was obtained for D± → K0s K± decays.
Can perturbative effects lead to any asymmetry? Higher-order pQCD and electroweak
effects on cc¯ asymmetry (both quark and antiquark registered) was studied in Ref. [7] for
ET > 20 GeV. The predicted effect was, however, rather small (< 1 %), at least for the
LHCb (pseudo)rapidity coverage 2 < η < 4.
The production asymmetries were interpreted in Refs. [8, 9] as due to meson cloud
mechanism and specific structure of the proton Fock components. The string model ap-
proach to the problem of heavy meson production and asymmetries in the production of
heavy mesons was discussed in extent in Ref. [10]. The LHCb asymmetry was discussed
also in the framework of heavy-quark recombination approach [11] (for earlier work see
e.g. Ref. [12]). Here there are four unknown parameters responsible for formation of D
mesons. It was shown that with some combination of parameters one can describe the
LHCb data [11].
The conventional D meson production mechanism leads to symmetry in D+/D− or
D0/D¯0 production, i.e. σ(D+) = σ(D−) and σ(D0) = σ(D¯0). As will be discussed in the
present paper, only a subtle isospin-violating effect in vector D meson decays (D∗ → DX)
leads to a significant effect of σ(D+/D−) < σ(D0/D¯0).
Here we consider a simple alternative phenomenological explanation using so-called
unfavored fragmentation functions responsible for light quark/antiquark fragmentation
to D mesons. Such unfavoured fragmentation functions are known to be important e.g.
for K+/K− production and corresponding asymmetries obtained at SPS [13] and RHIC
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[14]. Such asymmetries for kaon production were nicely explained in the picture of sub-
leading parton fragmentation at low energies [15]. The unfavoured fragmentation func-
tions g → D, q/q¯ → D that fullfil DGLAP equations were discussed e.g. in Ref. [16].
Even assuming that at the initial scale the fragmentation functions vanish, they naturally
appear at larger scales. The parameters of fragmentation functions were found in some
fits to the e+e− data [16]. It is interesting whether the so-obtained unfavoured fragmen-
tation functions can describe the observed experimentally asymmetries in proton-proton
collisions.
In the present paper we wish to constrain the strength of q → D (q¯ → D) fragmenta-
tion functions using the recent LHCb data for D+/D− asymmetry. Then we shall discuss
q/q¯ → D± contribution to dσ/dxF distributions. Possible consequences for lower ener-
gies and/or for prompt atmospheric neutrino production will be discussed.
II. A THEORETICAL BASIS OF THE PRESENT CALCULATIONS
In this section we briefly review basic ingredients needed in the present analysis.
A. Light quark/antiquark production
We start with high collision energies. We calculate the dominant at large xF high-
energy processes: ug → ug, dg → dg, u¯g → u¯g and d¯g → d¯g and subsequent light
quark/antiquark to D meson fragmentation and/or decays. The calculations are done
in the leading-order (LO) collinear factorization approach with a special treatment of
minijets at low transverse momenta, as adopted in PYTHIA, by multiplying standard
cross section by a somewhat arbitrary suppression factor [17]
Fsup(pT) =
p4T
((p0T)
2 + p2T)
2
θ(pT − pT,cut) . (2.1)
First we calculate distributions of u, d, u¯, d¯ in Feynman xF in the forward (projectile)
region. In Fig. 1 we show distributions in xF of the light-quarks/antiquarks obtained
in the collinear-factorization approach. In this calculation we use the MMHT2014lo [18]
parton distributions. The factorization and renormalization scales are taken as: µ2F, µ
2
R =
µ20 + p
2
T. Here we take µ
2
0 = 0.5
2 GeV2. In Fig. 2 we show results for different values of p0T
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FIG. 1: Quark and antiquark distributions in Feynman xF for
√
s = 7 TeV (left panel) and
√
s =
43 TeV (right panel) corresponding to Elab(p) = 10
9 GeV (relevant for high-energy prompt atmo-
spheric neutrinos). This calculation was performed within collinear-factorization approach with
p0T = 0.5 GeV.
= 0.5, 1.0, and 1.5 GeV. We think that already with p0T = 0.5 GeV reliable quark/antiquark
distributions in y and xF are obtained. The shapes for different p
0
T are rather similar.
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FIG. 2: Light u-quark distribution in Feynman xF for
√
s = 7 TeV for different values of p0T = 0.5,
1.0, and 1.5 GeV.
At large xF the distribution of produced quarks/antiquarks can be approximated in
terms of partons in the initial hadron as
dσ
dxF
(xF) ≈ C(
√
s)xFq f (xF, µ
2
e f f ) , (2.2)
where µ2eff is the scale relevant for low transverse momentum quark/antiquark produc-
tion. In Fig. 3 we compare results of calculations performed in the collinear-factorization
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FIG. 3: Distribution in Feynman xF for u and d quarks and u¯ antiquarks calculated with formula
(2.2) for different factorization scales given explicitly in the figures.
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FIG. 4: Transverse momentum distribution of light quarks/antiquarks for xF > 0.2.
approach with those obtained with the very simple approximation given by Eq. (2.2). We
see a reasonably good agreement of the results of the two calculations. The same parton
distribution set was used in both cases. In this calculation µeff = 0.5-3 GeV was taken.
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The agreement for u and d quarks is much better than that for u¯ and d¯ antiquarks. The
best agreement is obtained for µeff ≈ 2-3 GeV.
The dependence on transverse momentum of quarks/antiquarks is very steep. In
Fig. 4 we show the transverse momentum distribution of produced light quarks and
antiquarks. Here we have assumed a lower cut on xF > 0.2 to concentrate on the in-
teresting for us region related to fast prompt atmospheric neutrinos [19]. Althought there
is a strong dependence of the cross section on pT the integrated cross sections are finite.
The averaged transverse momentum is pT ∼ 2 GeV.
B. Unfavoured fragmentation functions
Let us start with direct fragmentation. Then we have to include u, u¯, d, d¯ → Di parton
fragmentation. The corresponding fragmentation functions fulfill the following flavour
symmetry conditions:
Dd→D−(z) = Dd¯→D+(z) = D
(0)(z) . (2.3)
Similar symmetry relations hold for fragmentation of u and u¯ to D0 and D¯0 mesons.
However Dq→D0(z) 6= Dq→D+(z) which is caused by the contributions from decays of
vector D∗ mesons. Furthermore we assume for doubly suppressed fragmentations:
Du¯→D±(z) = Du→D±(z) = 0 . (2.4)
The fragmentation functions at sufficiently large scales undergo DGLAP evolution
equations [16]
d
dlnµ2
Da(x, µ) =
αs(µ)
2pi ∑
b
∫ 1
x
dy
y
PTa→b (y, αs(µ)) Db
(
x
y
, µ
)
, (2.5)
where a = g, u, u¯, d, d¯, s, s¯, c, c¯. In the case of e+e− collisions the scale is usually taken as
µ2 = s. When fitting fragmentation functions to e+e− → D data one usually assumes
Dq/q¯→D(z, µ20) = 0 (2.6)
at some initial scale usually taken as µ0 = mc, 2mc, where mc is charm quark mass. This
simplification is not a good approximation for the case of proton-proton collisions where
the asymmetry was observed [3] even at very low transverse momenta. Here we are
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particularly interested in low transverse momentum D mesons. Then our typical fac-
torization scales µ2 = p2T + m
2
q are very small. Therefore we limit in the following to a
phenomenological approach and ignore possible DGLAP evolution effects important at
somewhat larger transverse momenta. We can parametrize the unfavoured fragmenta-
tion functions in this phase space region as:
Dq→D(z) = Aα(1− z)α . (2.7)
Instead of fixing the uknown Aα we will operate rather with the fragmentation probabil-
ity:
Pq→D =
∫
dz Aα (1− z)α . (2.8)
and calculate corresponding Aα for a fixed Pq→D and α. Therefore in our effective ap-
proach we have only two free parameters.
Another simple option one could consider is:
Dq f→D(z) = Pq f→D · DPeterson(1− z) . (2.9)
Then Pq f→D would be the only free parameter.
In addition to the direct fragmentation (given by D(0)(z)) there are also contributions
with intermediate vector D∗ mesons. Then the chain of production of charged D mesons
is naively as follows:
u¯ → D∗,0 → D+ (forbidden),
u → D¯∗,0 → D− (forbidden),
d¯ → D∗,+ → D+ (allowed),
d → D∗,− → D− (allowed). (2.10)
In reality the first two chains are not possible as the decays of corresponding vector
mesons (D∗,0 and D¯∗,0) are forbidden by lack of phase space. This would be, however,
possible for D0 and D¯0 production where D∗,± may decay producing D0 or D¯0 mesons.
In the latter case the two terms have different flavour structure and the production asym-
metry is more complicated. In addition D0-D¯0 oscillations occur (see e.g. Refs. [20, 21])
which makes the extraction of initial D0/D¯0 production asymmetry a bit more difficult.
According to our knowledge this was not studied so far by the LHCb collaboration.
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Including both direct and resonant contributions the combined fragmentation function
of light quarks/antiquarks to charged D mesons can be written as:
Deff
d/d¯→D∓(z) = D
0
d/d¯→D∓(z) + P∓→∓ · D1d/d¯→D∗,∓(z) . (2.11)
The decay branching ratios can be found in Ref. [22] and is P±→± = 0.323. The indirect
vector meson contributions have the same flavour structure as the direct one. It is easy to
check that the decay D∗ → DX practically does not change the distribution in z.
For neutral D mesons we have similarly:
Deff
u/u¯→D¯0/D0(z) = D
0
u/u¯→D¯0/D0(z) + P0→0 · D1u/u¯→D¯∗,0/D∗,0(z) , (2.12)
Deff
d/d¯→D¯0/D0(z) = P±→0 · D1d/d¯→D∗,∓(z) . (2.13)
Here there are more possibilities than for charged D mesons as both charged and neutral
vector mesons decay into neutral D mesons. The decay probablities that appeared above
are: P0→0 = 0.667 and P±→0 = 1 [22].
We assume flavour symmetry of fragmentation functions also for vector D meson pro-
duction:
D1u/u¯→D¯∗,0/D∗,0(z) = D
1
d/d¯→D∗,∓(z) = D
(1)(z) . (2.14)
Finally we shall take an approximation:
D(0)(z) ≈ D(1)(z) (2.15)
which can be easily relaxed if needed. We think that such an approximation is, however,
sufficient for the present exploratory calculations.
C. D meson distributions
At forward directions (relevant for LHCb or IceCube) the details of hadronization are
fairly important. Here the hadronization is done as in Ref. [15] assuming that the hadron
pseudorapidity is equal to parton pseudorapidity and only momenta of hadrons are re-
duced compared to the parent partons.
In such an approximation the D meson xF-distributions at large xF can be obtained
from the quark/antiquark distributions calculated in the collinear or kt-factorization ap-
proaches as:
dσ
dxF
= ∑
f
∫ 1
xF
dz
z
dσ(xF/z)
dx′F
Dq f→D(z) . (2.16)
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Instead of the more complicated calculations within collinear or kt-factorization one
can make first a simplified calculation. At very small transverse momenta and forward
directions (xF > 0.2) the outgoing quarks/antiquarks practically carry the same momen-
tum fractions as the initial ones in the proton. Approximately one can therefore write the
xF- distribution of outgoing quarks/antiquarks as
dσpp→DX(xF)
dxF
≈ C ∑
f
∫ 1
0
dz
(
x f/z
)
q f
(
xF/z, µ
2
)
Dq f→D(z) . (2.17)
The constant C is responsible for the cross section normalization and depends on collision
energy C = C(
√
s). The constant can be fitted to the asymmetries in experiments that
measured different species of D mesons.
D. Flavour asymmetry
The flavour asymmetry in production is defined as:
AD+/D−(ξ) =
dσD−
dξ (ξ) −
dσD+
dξ (ξ)
dσD−
dξ (ξ) +
dσD−
dξ (ξ)
, (2.18)
where ξ = xF, y, pT, (y, pT). In the following we shall consider several examples of select-
ing ξ.
To calculate asymmetry we have to include also dominant contribution correspond-
ing to conventional c/c¯ → D/D¯ fragmentation. The leading-order pQCD calculation is
not reliable in this context. In the following the conventional contribution is calculated
within the kt-factorization approach with the Kimber-Martin-Ryskin unintegrated par-
ton distributions [23] which has proven to well describe the LHC data. Such an approach
seems consistent with collinear next-to-leading order approach (see e.g. a discussion in
Ref. [24]).
For example in top panels of Fig. 5 we show results for the asymmetry for Pq→D ad-
justed to the LHCb data. In this calculation, and in the rest of the paper, we have fixed α =
1 in formula (2.7). We shall call corresponding fragmentation functions as triangular for
brevity. In the left panel we show AD+/D−(η) for pT,D ∈ (2,18) GeV and in the right panel
we show AD+/D−(pT) for 2.2< η < 4.75 . We find that Pq→D = 0.005± 0.001 for triangle
fragmentation function and Pq→D = 0.007 ± 0.001 for Peterson(1-z) is consistent with
9
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FIG. 5: AD+/D− production asymmetry measured by the LHCb collaboration at
√
s = 7 TeV as a
function of D meson pseudorapidity (left-top panel) and D meson transverse momentum (right-
top panel). The corresponding predictions for
√
s = 13 TeV are shown in the bottom panels.
main trends of the LHCb data. This are rather small numbers compared to c/c¯ → D/D¯
fragmentation which happens with probability of the order of 50 %. The results do not
depend on transverse momentum cut p0T, since the LHCb kinematics excludes the uncer-
tain region of very small meson transverse momenta. In the bottom panels we show our
predictions for
√
s = 13 TeV.
Charm conservation in strong processes must unavoidably lead to extra c or c¯ pro-
duction at lower xF emitted rather in the remnant direction. The extra emissions lead to a
reduction of asymmetries and enhanced production of charm (both mesons and baryons).
This effect is not included explicitly when fitting the LHCb asymmetries. In our opinion
the fit includes, however, this effect in an effective way.
Having described the AD+/D− asymmetries for charged D mesons we wish to make
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FIG. 6: AD0/D¯0 production asymmetry relevant for a possible LHCb collaboration measurement
as a function of D meson pseudorapidity (left panel) and D meson transverse momentum (right
panel). The corresponding predictions for
√
s = 7 and 13 TeV are shown in the top and bottom
panels, respectively.
predictions for AD0/D¯0 production asymmetries for neutral D mesons. According to our
knowledge such asymmetries were never officially presented. The situation here is a bit
more complicated due to D0-D¯0 mixing and resulting oscillations. Here we calculate pro-
duction asymmetry. In principle, the asymmetry may be (is) time dependent. However,
the oscillation time seems much longer than the life time of D0/D¯0 mesons, so it seems
that the asymmetry could be measured experimentally e.g. by the LHCb collaboration.
This is very different for B0/B¯0 mesons where the oscillation time is rather short. In Fig. 6
we show our predictions for asymmetries for neutral D mesons. Slightly larger asymme-
tries are expected for D0/D¯0 than for charged D± mesons. D0/D¯0 production symmetry
is assumed in the LHCb studies of CP violation [6]. Can such initial asymmetries have an
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influence on the extracted ACP for neutral D mesons? This requires a separate dedicated
study.
Now we shall make extrapolation to unmeasured regions. Assuming flavour sym-
metry for direct production of pseudoscalar and vector mesons (see Eq. (2.14)) we shall
make predictions also for D0 and D¯0 production.
E. DD¯ asymmetry at lower energies
The asymmetry in D+/D− or D0/D¯0 production is caused by the relative amount of
q/q¯ → D and c/c¯ → D fragmentation mechanisms. Here we include all partonic pro-
cesses with light quark/antiquark in the final state. In Fig. 7 we show the asymmetries
for three different energies
√
s = 20, 50, 100 GeV. We observe that the asymmetry at the
lower energies is much larger than that for the LHC energies. Even at midrapidity y ≈
0 we predict sizeable asymmetries. Our rough predictions could be checked experimen-
tally at SPS [13, 25], RHIC or at fixed target LHCb [26]. Such experiments would allow to
better pin down the rather weakly constrained so far q/q¯ → D fragmentation functions.
Once this is done, a more realistic calculation for production of prompt neutrinos in the
atmosphere could be done.
The discussed by us mechanisms of subleading fragmentation of D mesons lead to en-
hanced production of D mesons at lower energies. In Table I we show as an example dif-
ferent contributions to the production of D+/D− mesons. The dominant at high-energy
gg → cc¯ mechanism gives only 13% and 18% for √s = 27 and 39 GeV, respectively and
strongly underestimates the NA27 [27] and E743 [28] experimental data. Inclusion of the
”subleading” contributions brings theoretical calculations much closer to the experimen-
tal data. We predict sizeable D+/D− asymmetries at these low energies, see Fig. 7.
The LHCb collaboration has an experience inmeasuring the asymmetry in D+ and D−
production. It would be valueable to repeat such an analysis for fixed target experiment
p +4He with gaseous target. The data have been already collected. The nuclear effects
for 4He should not be too large. Then the collision may be treated as a superposition of
pp and pn collsions. Neglecting the nuclear effects the differential cross section (in the
collinear factorization approach) for production of q/q¯ (particle 1) and associated parton
12
TABLE I: Different contributions to the cross sections (in microbarns) for D+ + D− production at
low energies. The results presented here have been obtained with p0T = 1.5 GeV.
process:
√
s = 27 GeV
√
s = 39 GeV
g∗g∗ → cc¯ (c/c¯ → D±) 1.52 4.58
q∗ q¯∗ → cc¯ (c/c¯ → D±) 0.08 0.19
gd → gd (d → D−) 9.53 13.89
gd¯ → gd¯ (d¯ → D+) 3.03 4.78
dd → dd (d → D−)× 2 3.07 4.29
d¯d¯ → d¯d¯ (d¯ → D+)× 2 0.29 0.49
d¯d → d¯d (d → D−) 0.58 0.88
dd¯ → dd¯ (d¯ → D+) 0.58 0.88
ud → ud (d → D−) 2.76 3.72
u¯d¯ → u¯d¯ (d¯ → D+) 0.12 0.19
u¯d → u¯d (d → D−) 0.40 0.63
ud¯ → ud¯ (d¯ → D+) 0.97 1.42
theory predictions 22.93 35.94
experiment NA27: 11.9± 1.5 E743: 26± 4± 25%
y
-2 -1 0 1 2
Pr
od
uc
tio
n 
as
ym
m
et
ry
-1
-0.9
-0.8
-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1
0
 = 100 GeVs
 = 50 GeVs
 = 20 GeVs
-D+D
 = 1.5 GeV0
T
p
Peterson(1-z) (solid)
Triangle (dashed)
FIG. 7: AD+D−(y) production asymmetry in proton-proton collisions for different
√
s indicated in
the figure.
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(particle 2) can be written approximately as:
dσp 4He
dy1dy2dpT
= 2
dσpp
dy1dy2dpT
+ 2
dσpn
dy1dy2dpT
. (2.19)
In the case of the second term we have to take into account parton (quark/antiquark)
distribution in neutron which can be obtained from those in proton by assuming isospin
symmetry between parton distributions in the proton and neutron. We are not interested
in the distribution of gluons, that are treated here as inactive in the production of D
mesons1. Therefore an integration over gluon variables is performed as previously.
In Fig. 8 we present the relevant predictions for the LHCb experiment. Rather large
asymmetries are predicted which could be addressed in the forthcomming analysis of the
fixed target experiment.
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FIG. 8: AD+D−(y) production asymmetry for the fixed target p +
4He reaction for
√
s = 87 GeV.
F. Charge-to-neutral D meson ratio
In the standard pQCD approach (production of c/c¯ and only c/c¯ → D/D¯ fragmenta-
tion) the ratio defined as
Rc/n ≡
D+ + D−
D0 + D¯0
(2.20)
is a constant, independent of collision energy and rapidity (or xF). Inclusion of the sub-
leading contribution changes the situation. In Fig. 9 we show as an example the ratio as
1 A possible active role of gluons was discussed e.g. in Refs. [29] in the context of double parton scattering.
Inclusion of the gluon fragmentation leads to much larger σeff, a parameter in the description of double-
parton scattering.
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a function of meson pseudorapidity η for LHC energies (left panel) and meson rapidity
y for
√
s = 100 GeV (right panel), taking into account the subleading contribution. At
the LHC energies very small, difficult to measure, effect is found for the LHCb transverse
momentum and pseudorapidity range. At
√
s = 100 GeVwe predict a strong rapidity de-
pendence of the Rc/n ratio. Perhaps fixed target experiments at the LHCb could address
the issue.
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FIG. 9: The Rc/n ratio as a function of meson pseudorapidity for
√
s = 7 and 13 TeV for the
LHCb kinematics (left panel) and as a function of meson rapidity for
√
s = 100 GeV in the full
phase-space (right panel). Only quark-gluon subleading components are included here.
Identification of the dependence of Rc/n on collision energy, rapidity or xF of D mesons
would be a good test of the considered here modeling and could better pin down the
subleading fragmentation function.
G. Resulting D meson distributions and possible consequenceses for prompt neutrino flux
In this subsection we wish to show results relevant for high-energy prompt atmo-
spheric neutrinos. As discussed recently in Ref. [19] a rather large xF ∼ 0.5 region is
important in this context. The dσ/dxF distribution of mesons is the most appropriate
distribution in this context. For xF > 0.1 one can safely use the convolution formula from
Eq. (2.16).
In Fig. 10 we compare the two contributions: (a) conventional one corresponding to
c → D fragmentation and (b) subleading one corresponding to q → D fragmentation, for
the sum of D+ + D− (left panels) and D0 + D¯0 (right panels) mesons. While at small xF
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FIG. 10: Distribution in xF for charged D
++D− (left panel) and neutral D0+D¯0 (right panel) D
mesons from conventional (solid lines) and subleading (shaded bands) mechanisms. The top
panels are for
√
s = 7 TeV and the bottom panels are for
√
s = 43 TeV.
the conventional contribution dominates, at large xF the situation reverses. In addition
we show the uncertainties bands where the upper and lower limits correspond to the
predictions for p0T = 0.5 and 1.5 GeV, respectively. The situation for both,
√
s = 7 (top
panels) and 43 TeV (bottom panels), energies is rather similar. The enhancement due to
the subleading contributions for neutral D meson seems bigger than that for charged D
mesons (see Fig. 11). For example, for the triangle fragmentation functions, at
√
s = 43
TeV for xF ∼ 0.5 the cross section for charged mesons (D+ + D−) is 3− 15 times bigger
than for conventional approach while the cross section for neutral mesons (D0 + D¯0) is
20− 200 times bigger.
We predict also asymmetry for D+/D− and D0/D¯0 production in the region of large
xF, relevant for IceCube. In Fig. 12 we show the asymmetry for the two large collision en-
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FIG. 11: Enhancement factor for neutral (left panel) and charged (right panel) charm meson for
√
s = 43 TeV.
ergies. Within our model we predict larger asymmetries at larger energy in this kinemat-
ical domain. Such asymmetries would lead to asymmetry in the production of neutrinos
and antineutrinos. We do not know whether this could or not be measured.
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FIG. 12: Production asymmetry as a function of xF for D
+/D− (left panel) and for D0/D¯0 (right
panel). The solid lines correspond to
√
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√
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TeV. The results are obtained with p0T = 1.5 GeV.
The above results may have important consequences for large-energy atmospheric
production which is not yet well understood background for cosmic (extraterrestial) neu-
trinos, claimed to be observed by the IceCube collaboration [30]. This will be a topic of a
forthcomming analysis.
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III. CONCLUSIONS
In the present paper we have discussed asymmetry in production of D+ and D−
mesons in proton-proton collisions. For a first time we have tried to understand whether
the asymmetry observed by the LHCb collaboration can be understood within parton
fragmentation picture, including light quark and antiquark fragmentation functions.
The light quark/antiquark fragmentation to D mesons arises naturally within DGLAP
evolution of fragmentation functions even assuming vanishing fragmentation functions
at some initial scale. To understand the LHCb asymmetry we need, however, nonvan-
ishing initial (for evolution) fragmentation functions. Very small initial unfavoured frag-
mentation functions are sufficient to describe the LHCb data. The details depend on
functional form used. The corresponding fragmentation probability for q/q¯ → D is very
small, of the order of a fraction of 1%, compared to 50 % for c/c¯ → D fragmentation.
Having described the asymmetry for charged D mesons we have made predictions
for similar asymmetry for neutral D mesons. Nonzero asymmetries have been predicted.
This asymmetry may be, however, a bit more difficult to measure due to D0− D¯0 oscilla-
tions confirmed recently experimentally.
Furthermore we have predicted large contribution of the light quark/antiquark frag-
mentation to D mesons at large xF, which exeeds the conventional c/c¯ → D contribution.
The predicted large contributions of D mesons at large xF have important conse-
quences for prompt neutrino flux at large neutrino energies, relevant for the IceCube
measurements. We have found that the contribution of the unfavoured fragmentation is
muchmore important than the conventional one for large neutrino/antineutrino energies
Eν > 10
5 GeV.
We have calculated in addition the asymmetries for much lower energies (
√
s = 20 –
100 GeV), relevant for possible measurements in a near future. Much larger asymmetries
have been predicted, compared to those measured by the LHCb collaboration [3], even
at y ≈ 0. The asymmetries are associated with an increased production of charm in the
q/q¯ initiated hadronization. We have quantified this effect by discussing corresponding
asymmetries and rapidity distributions. The corresponding measurements at fixed target
LHCb, RHIC, and at SPS (NA61-SHINE) would allow to pin down the “new” mecha-
nisms. Especially the SPS experiment could/should observe an enhanced production of
18
D mesons. Even a factor of 5 enhancement is not excluded at present.
We have also predicted a dependence of the ratio of the charged-to-neutral D meson
cross sections as a function of collision energy, meson rapidity or xF. We wish to remind
in this context that different K factors, relative to pQCD calculations, were found long
ago for charged and neutral D meson (see Ref. [31]).
Systematic studies of D/D¯ asymmetries or the specific ratios at low energies may be
therefore (paradoxically) important to understand the high-energy prompt component of
the atmospheric neutrino flux.
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